A., Jansons, J., Neimane, U., Jansons, Ā. 2016. Infl uence of spot mounding on height growth and tending of Norway spruce: case study in Latvia. -Forestry Studies | Metsanduslikud Uurimused 65, 24-33. ISSN 1406-9954. Journal homepage: http://mi.emu.ee/forestry.studies Abstract. Norway spruce is commonly regenerated by planting and disc trenching is by far the most widely used soil preparation method in Latvia; however, in specifi c site conditions other methods might be benefi cial. Therefore aim of our study was to assess infl uence of spot mounding on early growth and tending of Norway spruce in hemiboreal forests. Spot mounding was compared with disc trenching or no soil preparation in central part of Latvia (57° N 24° E) in fi ve different forest types, where two-year-old containerized Norway spruce seedlings were planted. Infl uence of soil preparation method on tending was assessed in the same region in two different sites in a single forest type on drained fertile mineral soil. Spot mounding had positive effect on the height increment of the dominant trees at the 6 th to 8 th growing season. Mean height of Norway spruce at the end of 8 th growing season on mounds signifi cantly exceeded that on unprepared soil: 179 ± 6.5 and 152 ± 6.2 cm, respectively. Similarly mean height on mounds was signifi cantly larger than on furrows: 209 ± 3.9 and 154 ± 4.0 cm, respectively. Projective vegetation cover before the tending was signifi cantly higher in spot-mounded, but after -in disc trenched sites. Networking time for brashsaw operators in spot-mounded (478 min/ha -1 ) and disc trenched (462 min/ha -1 ) sites was similar (p > 0.05). Overall, spot mounding ensured more suitable microenvironment resulting in higher productivity of planted trees and had no negative effect on quality or effi ciency of tending, therefore its wider use is recommended.
Introduction
Norway spruce (Picea abies (L.) Karst.) occupies signifi cant forest areas and is one of the most cultivated tree species in Baltic Sea region countries. For example, in Latvia, based on data from National Forest Inventory, its stands cover 17% from the total forest area and, according to data of State Forest Service, in 2015 altogether 6531 ha was regenerated with this tree species. Natural regeneration of coniferous trees in hemiboreal forests on fertile soils after the clear-cut is very unlikely and/or time consuming. It has been demonstrated already in middle of previous century, when large-scale inventory found, that more than 70% of the clear-cuts in coniferous forests in such site conditions naturally regenerate with broadleaved trees (Sarma, 1959) . Also studies indicate that planted spruce stands have considerably higher productivity than naturally regenerated ones (Gradeckas & Malinauskas, 2005) . It is achieved partly due to realization of tree breeding results (Jansons et al., 2015) and partly due to positive infl uence of soil preparation (Nordborg et al., 2003; Heiskanen et al., 2013) .
Various soil preparation methods, like ploughing, disc trenching, soil inversion, mounding (Mangalis, 2004; Gradeckas & Malinauskas, 2005) can be applied; however in Baltic States by far most commonly used is disc trenching. Conditions created by disc trenching or ploughing are not always optimal for the seedlings. For example, Örland-er et al. (1990, 1998) have found that survival of trees planted on furrows is similar to that of trees planted on mounds in sites with normal moisture regime, but notably and signifi cantly lower in wet sites. Also other studies have concluded that mounds creates favourable moisture regime that is essential for early survival of Norway spruce (Schlyter et al., 2006) . Planting on mounds improves not only the survival, but also initial growth of the trees (Nordborg et al., 2003; Hallsby & Örlander, 2013; Heiskanen et al., 2013) . Young trees on mounds are less likely to be affected by frosts (Langvall et al., 2001; Heiskanen et al., 2013) and better protected from pine weevils (Örlander et al., 1990; Heiskanen & Viiri, 2005; Saksa, 2008; Heiskanen et al., 2013 ) that tend to avoid rather large open soil area around the seedling (Wallertz, 2009) . Furthermore, mound excluded competition from surrounding vegetation for a longer period of time than furrows (Lehtosalo et al., 2010) . For example, in Finland it was found, that in sites where spot mounding was applied, tending was needed only in 2 nd -4 th year after planting in relative fertile soil, and in 4 th -6 th year in poor soil (Saksa, 2008; Uotila et al., 2010) . Therefore, some authors (Uotila et al., 2010) suggest that fi nancial assessment of forest regeneration shall include not only planting (and survival of planted trees), but also tending: its frequency (number of occasion), quality and time spent (costs). Time spent for soil preparation (and thus also the costs and potential for their reduction) had been analysed in numerous studies Liepiņš et al., 2011) . However, there is still very limited information on time spent for tending in the context of soil preparation method in Baltic States.
Most of above mentioned studies had been carried out in boreal forest with different climatic conditions and soil fertility (important both for tree as well as ground vegetation growth) than in hemiboreal forests. Therefore, the aim of our study was to estimate infl uence of spot mounding on early growth and tending of Norway spruce in hemiboreal forests.
We hypothesised that spot mounding has signifi cant positive infl uence on tree height increment in comparison to disc trenching or no soil preparation. Larger tree height consequently would ensure faster tending in sites prepared by spot mounding (though trees are not planted in rows) than in sites prepared by disc trenching.
Material and Methods
Evaluation of infl uence of spot mounding on growth of Norway spruce was based on trials from central part of Latvia (57°36' N 24°36' E), located in middle of hemiboreal forest zone (Barbati et al., 2007) . Data on tree height were collected in Norway spruce stands established in two clear-cut areas (sites), two replications per site. In autumn of 2008 in one of the sites spot mounding and disc trenching was applied, while in other site spot mounding and no soil preparation was done. In study sites in total 5 different forest types (classifi ed according to Bušs, 1976) : Myrtillosa, Hylocomiosa, Oxalidosa (mineral soil, normal moisture regime, arranged according to increasing soil fertility), Myrtillosa turf. mel. (peat soil, drained, fertile), Myrtilloso-polytrichosa (mineral soil, wet, fertile), were represented.
Planting was carried out immediately after soil preparation (in autumn) using two year old containerized Norway spruce seedlings with similar size in each of the sites and treatments: height ranged from 16 to 36 cm (average 23 ± 0.5 cm), root collar diameter: from 1.5 to 4.5 mm. Planting material in both sites was from the same provenance region (category: selected), grown in the same nursery. After planting in both sites regular treatment according Latvian forestry practice was applied, i.e. clearing from competing vegetation during fi rst 4 growing seasons.
In winter of 2014/2015 height of all Norway spruce trees as well as last three years annual height increment was measured with the accuracy of 1 cm. Also defects (broken tops, spike knots) were evaluated and recorded, however frequency of trees with them was low (< 2%) and no specifi c tendencies in relation to soil preparation method or site were detected. As this study focuses on the height of vital trees, data of damaged trees were excluded from further analysis.
Tending time and quality was evaluated in Myrtillosa mel. forest type (mineral soil, drained, fertile), since it is characterized by fast growth and high density of competing ground vegetation, representing the most challenging conditions for this work. Also for this part of the study two clear-cut areas (sites) were used. In each of the sites spot mounding and disc trenching (two replications per site) was applied before the planting. Similar containerized seedlings than in the fi rst part of the study were planted and, at the time of tending (end of fi rst vegetation season after planting), had reached mean height of 28 ± 0.7 cm.
In each parcel (defi ned by replication and site) four blocks of 0.25 or 0.5 ha (depending on size of the parcel) were systematically placed. On the longest diagonal of the blocks 10 circular plots (r = 2.82 m, area 25 m 2 ) were systematically (even distances between the centres) marked out. In each of these plots assessment of ground vegetation (projective area) was carried out before and after the tending based on ICP Forest method (ICP Forest, 2011) , distinguishing fi ve groups of plants (shrubs, sprouts, half-shrubs, grasses, other ground vegetation). Also area of bare soil in each plot, created in process of soil preparation, was measured. Inventory was carried out by a single person to ensure comparability of the estimates. Mean height of each vegetation group was measured in each plot (accuracy 0.1 m). Tending was carried out by 5 brush saw operators (the same persons working in areas where spot mounding and disc trenching was used) in the end of August. Networking time (period when the brush-saw was operated) as well as total working time of the operators in each of the blocks was recorded (accuracy 0.1 min).
Data analysis was carried out in SPSS applying ANOVA and χ 2 test. To characterise the variance, 95% confi dence interval was used. One-way analysis of variance and Tukey's HSD test was used to assess the differences of tree height (and height increments) between particular forest types and soil preparation methods. To evaluate the impact of soil preparation method, forest type, and interaction of both factors, two-way analysis of variance was used. Impact of the soil preparation method on height growth of trees was also characterised using dominant trees: highest, corresponding to density 100 trees ha -1 (Donis, 2014) .
The relation between tree height and soil preparation method was also evaluated comparing distribution of trees in different height classes (h > 2.5 m; 2 < h ≤ 2.5 m; 1.5 < h ≤ 2 m; h ≤ 1.5 m), in each of forest type separately; χ 2 test was use to assess the differences of distribution. The differences of projective cover and height of competing vegetation before and after tending, as well as the differences of the networking time (and its proportion from total working time) for sites with different soil preparation were assessed by one-way analysis of variance and Tukey's HSD test.
Results and Discussion
Growth of Norway spruce in relation to soil preparation method The forest type (p < 0.001), soil preparation method (p < 0.001) as well as interaction of both factors (p < 0.001) had signifi cant effect on the height of trees at age of 8 years; however statistically signifi cant infl uence of replication was not detected (p > 0.05).
Regardless of soil preparation method, the highest (198 ± 3.8 cm) mean tree height was found on Oxalidosa forest type. Similarly, largest mean height of Norway spruce seedlings at the same age had been found in Oxalidosa forest type also in Lithuania (Gradeckas & Malinauskas, 2005) , conforming the suitability of this forest type for establishment of productive spruce stands. Mean tree height on mounds notably and signifi cantly exceeded that on unprepared soil (height difference 27 cm, corresponding to 17.8%) or furrows (55 cm, 35.7%). Similar results were obtained also in analysis of the distribution of trees in different height classes: the proportion of highest trees was signifi cantly higher in spot-mounded sites (Figure 1) .
Consequently, mean height of dominant trees in spot-mounded sites exceeded that on disc-trenched ones signifi cantly (p < 0.05) in all forest types (Figure 2) .
Detailed analysis demonstrated that differences in tree height distribution between soil preparation methods were signifi cant in Myrtillosa, Oxalidosa and Myrtillosopolytrichosa forest types. Similar trend was noted in Hylocomiosa and in Myrtillosa turf. mel. forest types, however, these differences were non-signifi cant (p = 0.05 and p = 0.53, respectively). Differences were more pronounced, when trees growing on mounds were compared with those growing in unprepared soil: in these circumstances one third of trees in Oxalidosa forest type and as much as two thirds in Myrtilloso-polytrichosa forest type were lower than 1.5 m. Similar infl uence of soil preparation method on tree height distribution in young Norway spruce stand was found also in Finland (Uotila et al., 2010) . Differences in mean height of the trees ( Figure 3 ) were signifi cant (p < 0.05) in most of the forest types -on mineral soil with normal moisture regime (Myrtillosa, Hylocomiosa, Oxalidosa) and on wet mineral soil (Myrtilloso-polytrichosa). Less pronounced (p = 0.09) differences were found on drained peat soil (Myrtillosa turf. mel.), presumably due to impact of frost heave. Frost heave primarily affects areas on drained peat soils in Latvia (Mangalis, 2004) . Study in central Finland found that it has been present mainly on areas with ditch mounded and inverted soil (Heiskanen et al., 2013) . Similar to our results, superior height growth of trees planted on mounds had been found also in numerous studies in Sweden and Finland (Saarinen, 2007; Lehtosalo et al., 2010; Uotila et al., 2010; Hallsby & Örlander, 2013) . Even so the reported (Ör-lander et al., 1990, 1998) differences in tree height between the soil preparation methods were smaller than those found in our study, presumably due to slower growth in more northern climatic conditions. Positive effect of spot-mounding might be a results of improved availability of nitrogen (faster mineralization) at the second and third growing season (Smolander & Heiskanen, 2007; Nieminen et al., 2012) thus increasing the biomass and root growth of seedlings (Nordborg et al., 2003) . In this respect both soil treatments with humus removal as well as planting in un-prepared soil yielded the worst results (Nordborg et al., 2003) . These fi ndings are in line with our results where largest height differences were found between spruces growing on mounds and on unprepared soil (Figure 3) . Lack of soil scarifi cation leads to much more frequent pine weevil damages even if the plants are treated by insecticide in the nursery (Heiskanen et al., 2013) . For example, study in Finland had found 76% of Norway spruce seedlings gnawed in unscarifi ed spots during fi rst growing season in fi eld in contrast to only 1% gnawed on mounded spots (Heiskanen & Viiri, 2005) . Seedlings damaged by pine weevil were less vigour and had smaller height increment (Heiskanen & Viiri, 2005; Heiskanen et al., 2013) . Since our trials were established in fresh coniferous clearcuts, usually most affected by pine weevil, reduction of impact of this insect might be an important factor causing the observed differences in tree height distribution (Figure 1) .
Mounding had produced better establishment and initial growth of Norway spruce plantations than patching or disc trenching due to combination of reduced seedling damage, improved thermal conditions and improved availability of nutrients (Kankaanhuhta et al., 2009; Heiskanen et al., 2016) . Improved vigour in fi rst years may have led to larger height increment of trees later on, as demonstrated by our results (Figure 2 ). Height increment of dominating trees of the last three growing seasons was larger in spot-mounded sites in comparison to disc-trenched ones. It showed signifi cant differences in Myrtillosa and Hylocomiosa forest types during the eighth growing season, and in Myrtillosa type during the seventh growing season; however no signifi cant differences were found during the sixth growing season. Height increment of the eighth and seventh year in areas with spot-mounding was higher also than in areas without soil preparation, but in the sixth growing season signifi cant differences were found only in Myrtilloso-polytrichosa forest type (p < 0.05). Inter-annual differences in the results might be caused by variation of meteorological conditions affecting height increment. Overall our results are in line with fi ndings in Finland, demonstrating that mean height increment of spruces planted on mounds was slightly higher than for those planted in furrows (23.7 ± 17.4 and 20.6 ± 13.6 cm, respectively) leading to signifi cant differences in height of trees at the end of 9 th growing season (Saksa et al., 2005) .
Tending in relation to soil preparation method
Our results showed no differences in the abundance of ground vegetation on sites with spot mounding and disc trenching, if adjusted for the area of un-prepared soil. However, the actual mean projective cover of ground vegetation before the tending was signifi cantly higher in spot-mounded sites in comparison to disc-trenched sites: 78 and 54%, respectively. Earlier studies in similar climatic conditions had found, that soil preparation method determines the shading of seedlings and thus the need for tending; the least shaded were seedlings planted on wide (100 cm) furrows and 30 cm high mounds (Suchockas et al., 2014) . So both of the soil preparation methods analysed in our study can yield similar results in relation to vegetation competition. Soil preparation increases the ground vegetation species richness (Balandier et al., 2006) , but not necessarily its impact to seedlings. Impact of ground vegetation is related to its vicinity to the seedling and delayed by soil preparation depth and width (Suchockas et al., 2014) .
The sprouts, half-shrubs and grasses were the most abundant (85-89%) type of competing vegetation in both spot-mounded and disc-trenched sites. The proportion of these vegetation groups was similar within sites with different soil preparation methods (Figure 4) .
The mean weighted (the projective cover used as weights) height of vegetation was similar (p > 0.05) for sites with both types of soil preparation. The height of grasses signifi cantly exceeded that of other vegetation groups in spot-mounded sites. In disc-trenched sites, grasses and half-shrubs (mostly raspberries) were signifi cantly higher than other vegetation groups. Similarly, grasses were the dominant ground vegetation type in second and third year after the clearcut in forest types on fertile soil also in Lithuania. Height of weeds were similar on ploughed berms and mounds (Suchockas et al., 2014) . Grasses had been noted as most signifi cant competitors, capable to reduce height-growth of seedlings, primarily due to fast root growth and consequently intensive water uptake by graminoids (Coll et al., 2003) . In order to reduce this impact, need for tending was similar in both disctrenched and spot-mounded sites. The projective covers of vegetation after tending was signifi cantly lower in spot-mounded (5%) in comparison to disctrenched (13%) sites ( Figure 5 ) and the mean height of it did not differ signifi cantly (p > 0.05). Statistically signifi cant impact of replication on vegetation cover was not detected.
The networking time, as well as its proportion from total working time was similar (p > 0.05) for sites with different soil preparation: 478 min/ha -1 (67 ± 9.7%) and 462 min/ha -1 (68 ± 8.3%) in spot-mounded and disc-trenched sites, respectively.
Conclusions
Soil preparation method had signifi cant effect on height of Norway spruce trees at the age of 8 years: planting on mounds resulted both in higher mean height as well as larger proportion of highest trees in comparison to planting on furrows or in unprepared soil. The difference between height increment of dominant (the highest 100 trees ha -1 ) trees in spot-mounded and disc-trenched sites increased gradually along with the age of the trees: from the average of 7 cm (14%) during the sixth growing season to 17 cm (20%) during the eighth growing season. Tending in site prepared by spot mounding was as effective as in site prepared by disc trenching, reducing the vegetation cover to a negligible 5 and 13%, respectively. Also the speed of the operation was unaffected by soil preparation method.
Overall the results suggest a great potential of spot mounding to improve the early growth of planted Norway spruce stands.
